Radiation-Emitting Semiconductor Component 

FIELD OF THE INVENTION 

[0001] The invention relates to a radiation-emitting semiconductor component 
having a layer structure which contains an n-doped cladding layer, a p-doped cladding 
layer, an active layer based on InGaAlP arranged between the n-doped cladding layer 
and the p-doped cladding layer, and a diffusion stop layer arranged between the active 
layer and the p-doped cladding layer. 

[0002] In this case, the materials based on InGaAlP include all mixed crystals 
with a composition which comes under the formula ln x (Ga y Ah. y ) i_ x P, where 0 < x < 1, 
0< y < 1. The InGaAIP-based semiconductor chips which emit electromagnetic 
radiation include all semiconductor chips in which the semiconductor layer sequence 
which contains a layer that generates electromagnetic radiation has, at least to a 
significant proportion, material based on InGaAlP and the properties of the radiation 
emitted by the semiconductor chip are at least substantially determined by the material 
based on InGaAlP. In this case, this material based on InGaAlP need not necessarily 
have a mathematically exact composition according to the above formula. However, it 
may have one or more dopants and also additional constituents. 

BACKGROUND OF THE INVENTION 

[0003] Light-emitting diodes based on InGaAlP can be produced by variation of 
the Al proportion with emission in a wide spectral range from red to yellow-green. By 
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changing the Al content, the band gap of the InGaAlP system can be tuned from 19 eV 
to 2.2 eV. 

[0004] During the operation of such light-emitting diodes, a decrease in the light 
power is observed depending on the operating conditions. The intentionally introduced 
magnesium doping of the p-type cladding layer is regarded as the principle cause of this 
aging. In this case, even during the epitaxy process when growing a GaP window layer, 
which is carried out at high temperatures, diffusion of the Mg doping atoms along the 
concentration gradient toward the active layer may occur. 

[0005] Aging phenomena also occur during the operation of the light-emitting 
diodes. 

[0006] One approach for combating the aging problem is to reduce the diffusion 
of the Mg doping atoms from the p-doped cladding layer into the active layer. With 
regard to the longest possible lifetime of the light-emitting diodes, it is desirable to 
prevent the magnesium diffusion to the greatest possible extent. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the invention to provide a radiation-emitting 
semiconductor component of the generic type which has improved aging properties. 
[0008] This and other objects are attained in accordance with one aspect of the 
invention directed to a radiation-emitting semiconductor component having a layer 
structure which contains an n-doped cladding layer, a p-doped cladding layer, an active 
layer based on InGaAlP arranged between the n-doped cladding layer and the p-doped 
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cladding layer, and a diffusion stop layer arranged between the active layer and the 
p-doped cladding layer, wherein the diffusion stop layer has a strained superlattice. 
[0009] It has surprisingly been found that a strained superlattice suppresses the 
diffusion of p-type dopant atoms to a significantly greater extent than with the use of 
conventional diffusion stop layers. 

[0010] In a preferred embodiment of the invention, it is provided that the diffusion 
stop layer is formed by a superlattice which is alternately tensile/compressively 
strained. This leads to a particularly efficient suppression of the dopant diffusion through 
the stop layer. 

[0011] In particular, it may advantageously be provided that the superlattice of 
the diffusion stop layer has N periods of tensile-strained lnx(Ga y Ali- y )i. x P layers, where 
0<x<1,0<y<1, and compressively strained ln x (Ga y AI i. y ) i. x P layers, where 0 < x < 
1, 0 < y < 1, N lying between 2 and 40, in particular between 5 and 20, preferably 
between 8 and 15. In a particularly preferred refinement, N is equal to 10, for example. 
The layers of the superlattice furthermore preferably have the same composition. 
[0012] In an advantageous refinement of the component according to the 
invention, the superlattice of the diffusion stop layer consists of ln x Ali_ x P layers (where 0 
<x< 1). 

[0013] In the above connection, it has been found to be useful if the strain lies in 
the range of 0.1% to 5%, preferably in the range of 0.5% to 2%, particularly preferably in 
the range of 0.7% to 1%. 
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[0014] The invention provides particularly great advantages if the p-doped 
cladding layer is p-doped with magnesium. 

[0015] In an expedient embodiment of the radiation-emitting semiconductor 
component, the diffusion stop layer is highly n-doped. The two layer types of the 
superlattice are preferably provided with a dopant concentration above 0.5 x 10i 8 cm" 3 . 
The dopant concentration particularly preferably lies in the range between 0.75 and 1.5 
x 10 18 cm' 3 , wherein the limits are included. 

[0016] In this case, an n-type doping with tellurium has been found to be 
advantageous, in particular. The tellurium doping peak pinned by the superlattice then 
serves as an effective diffusion stop for the p-type dopant atoms. 
[0017] In a preferred refinement, a transparent coupling-out layer is arranged on 
the topmost cladding layer of the layer structure. In particular the transparent coupling- 
out layer may essentially consist of GaP. Said coupling-out layer is typically deposited 
epitaxially using phosphine (PH 3 ) for one to two hours at a temperature of above 800°C. 
The high temperatures that are necessary promote the diffusion of dopant atoms from 
the p-doped cladding layer into the active layer. 

[0018] The active layer may be formed for example by a p-n junction, a single 
quantum well structure or a multiple quantum well structure. 

[0019] Further advantageous refinements, features and details of the invention 
are given in the dependent claims, the description of the exemplary embodiment and 
the drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The invention is explained in more detail below using an exemplary embodiment 
in connection with the drawing. Only the elements essential for understanding the 
invention are illustrated in each case. In the figures, 

[0021] Figure 1 shows a diagrammatic illustration of a sectional view of a 
radiation-emitting semiconductor component according to an exemplary embodiment of 
the invention; and 

[0022] Figure 2 shows a detail from the illustration of Figure 1 . 
DETAILED DESCRIPTION OF THE DRAWINGS 

[0023] Figure 1 shows a diagrammatic illustration of a sectional view of an 
InGaAlP light-emitting diode, designated generally by 10, according to an exemplary 
embodiment of the invention. In this case, only the layers essential for understanding 
the invention are illustrated in the diagrammatic illustration of Figure 1 . It goes without 
saying, however, that further layers, such as, for instance, buffer layers, intermediate 
layers, ramps and the like, may likewise be present. 

[0024] In the InGaAlP light-emitting diodes 10 an InGaAIP-based layer sequence 
is grown on an Si-doped GaAs substrate 12, said layer sequence containing an n-doped 
cladding layer 18, an active layer 14 and a cladding layer 20 p-doped with magnesium. 
A GaP window layer 22 has also been grown on the p-type cladding layer 20 during the 
epitaxy process at 840-860°C. 
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[0025] In order to suppress the diffusion of Mg doping atoms from the p-type 
cladding layer 20 into the active layer 14, which otherwise occurs at the high growth 
temperatures for the GaP window layer 22, a diffusion stop layer 16 is introduced 
between the active layer 14 and the p-type cladding layer 20. In the exemplary 
embodiment, the diffusion stop layer 16 consists of a highly n-doped strained 
superlattice. 

[0026] As can best be seen in the illustration of Figure 2 the superlattice of the 
diffusion stop layer 16 consists of an alternating sequence of tensile-strained InAlP 
layers 16a each of them having a thickness of 4 nm and compressively strained InAlP 
layers 16b likewise each of them having a thickness of 4 nm. In the exemplary 
embodiment, the superlattice contains N = 10 layer pairs 16a, 16b of this type. 
[0027] The dots above and below the layers in Figure 2 indicate that the 
alternating sequence contains more than the six layers shown. The degree of strain is 
chosen to be 0.8% in each case for both layer types in the concrete exemplary 
embodiment. 

[0028] Both layer types are highly n-doped with tellurium at a dopant 
concentration of 0J5x 10 18 cm" 3 to 1.5 x 10 18 cm" 3 . The tellurium dopant peak pinned by 
the superlattice then acts as an effective diffusion stop for the magnesium doping atoms 
from the p-type cladding layer 20. 

[0029] In order to check the effect of the diffusion stop layer according to the 
invention, SIMS (Secondary Ion Mass Spectrometry) depth profiles of a light-emitting 
diode 10 according to the invention and of a comparison light-emitting diode without a 
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diffusion stop layer were recorded. The Mg dopant concentration set for the p-type 
cladding layer is of identical magnitude in both cases and is about 5 x 10 17 cm" 3 . 
[0030] What is found in the case of the comparison light-emitting diode, 
proceeding from the p-type cladding layer, is a magnesium concentration above 1 x 
10 17 cm" 3 which falls only in a shallow manner and thus projects far in to the light- 
generating layers. 

[0031] By contrast, by the introduction of the described diffusion stop layer 16 in 
this region the diffusion of the Mg atoms is effectively stopped and any further 
penetration is suppressed. In the case of the light-emitting diode according to the 
invention, the Mg concentration in the region of the light-generating layers 14 lies below 
1 x 10 16 cm" 3 , and is thus at a value which is noncritical for the aging behavior of the 
light-emitting diode. 

[0032] It goes without saying that the features of the invention which are 
disclosed in the above description, in the drawing and also in the claims may be 
essential to the realization of the invention both individually and in any desired 
combination. 

[0033] The scope of protection of the invention is not limited to the examples 
given hereinabove. The invention is embodied in each novel characteristic and each 
combination of characteristics, which includes every combination of any features which 
are stated in the claims, even if this combination of features is not explicitly stated in the 
claims. 
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